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Introduction
Caffeine and nicotine are each known to increase blood pressure in acute experiments. Cigarette smoking elevates blood pressure by on average 10/8 mmHg but only for about 15 min [l-51. Caffeine (250 mg) caused a rise in blood pressure of up to 14/10 mmHg, lasting for 24 h [61. Since the use of coffee and cigarettes is correlated [7,81
Correspondence: Dr S. Freestone pressure by adrenergic stimulation [4,61 we have examined the effect of coffee and smoking in hypertensive subjects. We have also explored the practical importance of changes in blood pressure induced by cigarettes and coffee. It has been suggested that the use of caffeine may increase the prevalence of hypertension [61 but this is at variance with epidemiological studies [7,91.
Methods
Sixteen hypertensive patients (eight untreated, eight taking a thiazide diuretic) consented to the study, which was approved by the hospital ethics committee. All were habitual cigarette smokers (mean 18/day) and drank tea andlor coffee regularly.
Each patient attended on four mornings at 09.00 hours, having abstained from cigarettes and caffeine-containing drinks from midnight. They were recumbent -in the same room for the duration of each study period (150 min). After 30 min rest one of four stimuli was administered over 15 min. A different stimulus was administered each day with the order balanced between patients. The stimuli were: (a) placebo (500 ml of warm orange juice, no caffeine, no cigarettes); (b) coffee (500 ml = 200 mg of caffeine); (c) smoking (two tipped cigarettes = 3.4 mg of nicotine, 500 ml of warm orange juice, no caffeine); (d) coffee plus smoking (200 mg of caffeine and two cigarettes).
Recumbent pulse and blood pressure were recorded over 2 h with a Dinamap recorder [lOl.
The study could not be made blind but patients were not led to expect any particular outcome. It was predetermined that only those readings obtained at 0, 5, 15,30,60 and 120 min would be analysed. This was done by a 'repeated measures' analysis of variance.
Results
Changes in pulse and blood pressure with each stimulus were similar in untreated and thiazidetreated patients, with no significant difference between the two groups, and the results were combined to examine the effects of individual stimuli. Cigarette smoking increased systolic and diastolic blood pressure at 5 and 15 min ( Table  1 ) but thereafter these were no higher than pressures after placebo. Coffee alone significantly increased systolic pressure at 120 min and diastolic pressure at 15, 60 and 120 min. Coffee and smoking together increased systolic pressure and diastolic pressure highly significantly at all times from 5 to 120 min. The effect of the combined stimulus on blood pressure was larger than that of either coffee or smoking alone; at 60 min both systolic and diastolic pressure were significantly higher than after smoking or coffee alone. The blood pressure after coffee plus smoking averaged 11/8 mmHg higher than placebo values throughout the 2 h period. The mean (~S E M ) peak blood pressure after coffee plus smoking in the untreated patients was 17 1 f 4.4/111 f 2.4 mmHg, whereas after orange juice it was 158 f 6.0/97 & 2.4 mmHg (P < 0.01).
Equivalent readings for thiazide-treated patients were 162 -t 7.5/99 f 4.1 mmHg after coffee plus smoking and 146 f 8-2/88 4.7 after placebo
In the hypertension clinic the untreated patients had a mean blood pressure of 164 k 6-5/102 f 2.8 mmHg on the last attendance before the study. At 09.30 hours on 'placebo (P < 0.01). After placebo it remained lower, being 134 f 7.6/81 f 4.9 mmHg at 2 h. However, after coffee plus smoking the average blood pressure rose from 133 f 6.9/83 f 4.5 mmHg at 09.30 hours to 151 f 6.3/91 f 3.9 mmHg at 1 h and 145 f 6-5/90 f 3.9 mmHg at 2 h, readings again similar to those obtained in the clinic.
Discussion
We have confirmed a pressor effect of smoking 11-51 and coffee 1111 in our patients with mild hypertension. A new finding is that the combination of smoking and coffee had a larger effect on blood pressure than either stimulus alone with the effect sustained throughout the period of study from 5 to 120 min. This effect showed no sign of waning at 2 h, in keeping with the half-life of caffeine of up to 10 h [ 121.
We have also shown that patients who were Significance of differences: *P < 0.05, **P < 0.01, and ***P < 0.001, versus placebo; tP < 0.01 versus smoking alone and P < 0.05 versus coffee alone; $P < 0.01 versus coffee alone and P < 0401 versus smoking alone.
Time (min) . . . mildly hypertensive in the clinic had a mean blood pressure within the normal range after abstaining from caffeine and cigarettes overnight. Although this alone does not imply a causal role for these factors the changes observed over the next 2 h do. When these patients remained free of caffeine and nicotine their blood pressure changed little and remained well below clinic readings. When they consumed coffee and smoked two cigarettes there was a prompt and sustained rise in blood pressure to values very similar to those observed in the clinic. The conditions of our study were relevant to the everyday habits of our patients and the doses of caffeine and nicotine used were not exceptional for them. The possibility that epidemiological studies have failed to detect an important effect of caffeine and nicotine on blood pressure must be considered. The short-lived effect of smoking alone would be difficult to detect unless the blood pressure was measured within minutes of smoking. It is less easy to understand how the prolonged effects of caffeine, with or without smoking, have failed to emerge. One possible explanation is that subjects have been examined fasting [91, when they have low levels of caffeine in the body. Moreover, caffeine intake is difficult to estimate because it is obtained from several sources and there is an inverse correlation between consumption of tea and coffee [81, two major sources of caffeine. Even when a single source is considered estimates of caffeine consumption are likely to be very inaccurate as a cup of coffee prepared at home may contain anything from 14 to 333 mg of caffeine [171. One study in which subjects who drank tea or coffee were compared with total abstainers found the blood pressure of the caffeine-users to be about 10/5 mmHg higher 1181. Our data suggest that the consumption of caffeine, with or without cigarettes, may be important in the genesis of mild hypertension. The magnitude of the effect for the combined stimulus averaging 11/8 mmHg over at least 2 h is large enough to have a major impact on the prevalence of hypertension.
In the present study there was no evidence that treatment with a thiazide diuretic altered the pressor action of coffee and cigarettes. In further studies the pressor effect has persisted despite treatment with the non-selective Padrenoceptor antagonists propranolol and oxprenolol. However, the P,-selective blocker atenolol attentuated the pressor effect of coffee and smoking.
